No two ovaries are alike, and indeed, the same ovary can change its architecture from day to day. This is 17 because ovarian follicles are present in different numbers, positions, and states of maturation throughout 18 reproductive life. All possible developmental states of follicles can be represented at any time, along 19 with follicles that have committed to death (termed follicle atresia). Static histological and whole-mount 20 imaging approaches allow snapshots of what is occurring within ovaries, but our views of dynamic follicle 21 growth and death have been limited to these tools. We present a simple Markov chain model of the 22 complex mouse ovary, called "ŌvSim". In the model, follicles can exist in one of three Markov states 23 with stationary probabilities, Hold (growth arrest), Grow, and Die. The probability that individual 24 primordial follicles can growth activate daily, the fraction of granulosa cells that survive as follicles grow, 25 2 and the probability that individual follicles can commit to atresia daily are user definable parameters.
data. In Step2, follicle B grows but is shown to contain less than double the number of granulosa cells 112 in the previous step due to granulosa cell death (*; modeled as a Bernoulli random variable, details in 113Ō vSim R code, below; after (22) and Conca Dioguardi, Uslu, and Johnson, unpublished) . Follicle C grew 114 in Step1, but commits to atresia in Step2 because its probability calculation resulted in the "Die" state, 115 and its granulosa cell number is set to zero (**, see details inŌvSim R code, below). These steps are 116 represented in the Markov state transition diagram in Figure 1 . ters of ovarian follicles while allowing users to modify some of these parameters ( follicles within an entire single ovulatory cycle (4 -5 days in the mouse). Using (6) as a guide, we set 159 the threshold for survival to ovulation to 50,000 but experimented with thresholds as large as 500,000 160 granulosa cells. 161 We also added the ability to optionally begin the simulation placing the ovary in a peripubertal state, 162 where several hundred follicles have already reached the preantral stage of growth awaiting puberty. The Here, 3000 total follicles are present at the start, 2700 of which are primordial (1-3 granulosa cells), 200 and 300 are small growing follicles randomly modeled to have initiated growth in a prepubertal cohort.
201
The estrus cycle length is 4 days, and follicle survival to ovulatory size is "called" if granulosa cell number 202 reaches 50,000. A Markov chain state transition matrix for the stationary probabilities of our three states 203 (Hold, Grow, and Die) according to these settings is shown as follows in (2):
Note that matrix entries that exceed 50,000 simulated granulosa cells are categorized as having survived 206 9 to ovulatory size, and that follicles that have committed to atresia must stay dead, and therefore their 207 probability of remaining in that state is 1. Figure 1 Representative output from these settings showed follicles that die or survive to ovulatory size in 251 numbers that were reminiscent of human biological outcomes. The total number of follicles that survived 252 to periovulatory size (contain 500,000 granulosa cells) was 605, and the total number of atretic follicles to what may eventually become a highly useful simulation of mammalian ovaries. In the meantime, this 263 approach has stimulated interesting discussions about mechanisms that might be at work controlling 264 follicle growth activation, growth, and survival 265 
11
We emphasize that this is a complete but early-stage simulation using probabilities that account for 266 only a few of the known features of biological follicle development. In the mouse and human ovary, 267 paracrine signaling interactions between follicles impact the rate of follicle growth activation (26) and oocytes, but whether selection for high quality eggs does occur in vivo is unclear (33; 34; 35) .
287
Ensuring that the number of eggs ovulated is tightly regulated in female mammals can be a matter Multiple gestation in humans is well known to be a significant risk factor for maternal and offspring loss 291 of life (36; 37; 38) . Evolving mechanisms to ensure that the correct number of eggs are produced within of emergent behavior is any behavior of a system that is not a property of any of the components of that 304 system (40) . The mouse (and human) ovary can be modeled as a "system of systems" where overall 305 organ behavior can arise from, but is not necessarily a property of, individual follicles.
306
Knowing that simple rules can control the number of follicles at different stages of development 307 and death in a fashion that mimics ovarian biology leads to hypotheses that can be tested in ' the rate of either growth activation or atresia were increased (see (41) for a review).ŌvSim can also be 315 modified to model questions that are even more theoretical, such as the impact of ovotoxic agents (e.g., The current prevailing consensus in the field is that oogenesis and folliculogenesis ceases before or 322 around birth in most mammals. However, since the first paper calling this into question (24) , evidence 323 continues to build that postnatal follicle development can occur via the action of female germline stem 324 cells (FGSC) (42; 43; 44; 45; 46; 47; 48; 49; 50; 51; 52; 53) . FGSC are currently being used as a source of 325 13 mitochondria (see (53) for a review) for delivery to oocyte cytoplasm in attempts to improve egg quality 326 and pregnancy rates in the clinic (54; 55) . It is a relatively trivial matter to modify theŌvSim follicles 327 function so that new follicles are added at a desired rate and the impact upon the trajectory of follicle 328 loss over time can be estimated. We will continue to develop flexible tools likeŌvSim to address these 329 exciting questions, and hope that other groups will modify the package and build on this approach. Permission is hereby granted, free of charge, to any person obtaining a copy of this software and associated 341 documentation files (the "Software"), to deal in the Software without restriction, including without 342 limitation the rights to use, copy, modify, merge, publish, distribute, sublicense, and/or sell copies of the 343 Software, and to permit persons to whom the Software is furnished to do so, subject to the following 344 conditions:
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